Introduction
The global climatic system and human society are continuously changing systems. They sometimes evolve in response to impacts emerging from the other system and sometimes they evolve autonomously (cf. Gilbert, 2006) . Throughout human history, institutions (social patterns) have reacted incrementally and conservatively to deal with social problems as they are based on cultural practices, deep-rooted lifestyles and ideological premises (Gupta and Dellapenna, 2009 ; Pollit e n v i r o n m e n t a l s c i e n c e & p o l i c y 1 3 ( 2 0 1 0 ) 4 5 9 -4 7 1 a r t i c l e i n f o 
t r a c t
Climate change potentially brings continuous and unpredictable changes in weather patterns. Consequently, it calls for institutions that promote the adaptive capacity of society and allow society to modify its institutions at a rate commensurate with the rate of environmental change. Institutions, traditionally conservative and reactive, will now have to support social actors to proactively respond through planned processes and deliberate steps, but also through cherishing and encouraging spontaneous and autonomous change, as well as allowing for institutional redesign. This paper addresses the question: How can the inherent characteristics of institutions to stimulate the capacity of society to adapt to climate change from local through to national level be assessed? On the basis of a literature review and several brainstorm sessions, this paper presents six dimensions: Variety, learning capacity, room for autonomous change, leadership, availability of resources and fair governance. These dimensions and their 22 criteria form the Adaptive Capacity Wheel.
This wheel can help academics and social actors to assess if institutions stimulate the adaptive capacity of society to respond to climate change; and to focus on whether and how institutions need to be redesigned. This paper also briefly demonstrates the application of this Adaptive Capacity Wheel to different institutions.
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and Bouckaert, 2000) . As such, institutions provide stability and predictability, without which every form of collective action of society would be impossible (Scharpf, 1997) . Since the industrial revolution, human activities have led to a more rapid rate of environmental change. As the natural sciences are becoming better in predicting the potential future environmental impacts of anthropogenic activities, for example in the case of climate change, institutions will increasingly need to be able to rise to the challenge of incorporating new information and becoming more proactive and progressive in coping with the projected impacts of environmental change. From a social science perspective, it becomes critical to study the conditions under which institutions can stimulate the adaptive capacity of society to deal with the potentially serious and irreversible impacts of environmental change. Against this background, this paper seeks to address the question: How can the inherent characteristics of institutions to stimulate the adaptive capacity of society from local through to national level be assessed? This question will be applied to the issue of climate change adaptation. This conceptual paper builds on the literature to identify dimensions and criteria and shows how these can be represented in an 'Adaptive Capacity Wheel', an analytical tool to assess the adaptive capacity of institutions (see Section 2). It presents a research protocol for applying the Adaptive Capacity Wheel (see Section 3), demonstrates some applications of the Wheel (see Section 4) and draws conclusions (see Section 5).
2.
Towards a conceptual framework
An institutional approach to adaptive capacity
The study of adaptation to climate change is a rapidly evolving field. Society will have to be ready to anticipate and respond to changes that may occur. Consequently its institutions need to support social actors to proactively respond. Because climate change brings unpredictable changes, it calls for institutions that enhance the adaptive capacity of society. This paper develops a generic and flexible framework for assessing the extent to which different characteristics of institutions enable the adaptive capacity of societies. This section highlights the literature on the subject, the gaps in knowledge, presents a definition of institutional adaptive capacity building on the existing literature, and introduces the Adaptive Capacity Wheel.
The literature and its gaps
There is an explosion in the literature on adaptation to climate change in the last 10 years. This has mostly dealt with the impacts of climate change, vulnerability to the impacts (e.g. Adger, 2006) and its criteria and indicators (e.g. Smit and Wandel, 2006; Brooks et al., 2005; Eriksen and Kelly, 2007; Moss et al., 2001) , and adaptation to the impacts of climate change (e.g. IPCC, 2007; O'Brien et al., 2006; Eakin and Luers, 2006; Rasmussen et al., 2009; Polsky et al., 2007) . Vulnerability and adaptive capacity are closely linked concepts: adaptive capacity is one of the determinants of vulnerability, in addition to exposure and sensitivity. This paper only focuses on adaptive capacity and not on the other two determinants. In the literature, some authors have discussed adaptive capacity specifically (Tol and Yohe, 2006; Eriksen and Lind, 2009; Pelling et al., 2008; Gallopín, 2006) , others use the term resilience (Nelson et al., 2007; Folke et al., 2005; Milman and Short, 2008) . While the articles focus on the adaptive capacity of households (Vincent, 2006; Paavola, 2008) , of local communities (Smit and Wandel, 2006; Nelson et al., 2008; Pelling and High, 2005; Agrawal and Perrin, 2008; Bapna et al., 2009 ) and of nations (Haddad, 2005; Tol and Yohe, 2006) ; there is little research on assessing institutions on their ability to enhance the adaptive capacity of society (WRR, 2006) . Furthermore, while much of this literature does mention institutions, they tend to use the word quite loosely (e.g. Yohe and Tol, 2002 imply organizations, and to a lesser extent, Agrawal & Perrin, 2008 do so as well). The website of the United Nations Framework Convention on Climate Change lists a number of tools on adaptation, but these do not include an exclusive tool to assess institutions, nor do they provide adequate information on institutions in relation to adaptive capacity in other tools. At the same time, there is a rich history of literature on institutions, governance and management. This paper attempts to bridge the existing literature on institutions, governance and management with the newer literature on adaptation and adaptive capacity to develop a conceptual and methodological framework to assess how institutions can promote the adaptive capacity of societies.
Definitions of key term -institutions
The Institutions Project of the International Human Dimensions Programme defines institutions as: ''systems of rules, decision-making procedures, and programs that give rise to social practices, assign roles to the participants in these practices, and guide interactions among the occupants of the relevant roles'' (IDGEC, 1999, p. 14) . The rules and roles can be formal governmental policies and informal social patterns of engagement; they can be visible and latent (Arts, 2006) . In ordinary speech, the word 'institutions' is seen as synonymous with 'organizations'. Although organizations can be seen as formalised patterns of rules and decision making, institutions are not equivalent to organizations, as institutions also refer to underlying ideological values and norms (Zijderveld, 2000; Young, 1989; IDGEC, 1999) . Institutions are inherently conservative. This is their strength and yet a weakness. Institutions are agreements following long debate, and if these hard-won institutions would not survive until the next day, there would be little point in creating them. Moreover, institutions carry the bias of previous interactions, views and power relations (Klijn and Koppenjan, 2006) , a process called institutionalization (Garud et al., 2007; March and Olsen, 1989) . Hence, all institutions embed a degree of robustness and resistance to change.
While institutions shape social practices, at the same time those social practices constitute and reproduce institutions (e.g. Giddens, 1984) . The same agency that sustains the reproduction of structures also makes possible their transformation. Hence, institutions change and can be changed, but it is difficult to do so. It is critical to ask: Do institutions allow society to adapt fast enough to environmental changes? What is needed is a balance between absolute rigidity and total flexibility; where should this balance be if we look at the problem of climate change? Is the 'natural' turnover speed of institutions enough to keep up with these changes, or do we need an extra effort? And if we do, which institutions are the most inhibitive and should be redesigned as a matter of priority?
2.4.
Defining the adaptive capacity of institutions Adaptation is distinct from adaptive capacity. The Intergovernmental Panel on Climate Change (IPCC) defines adaptation as: ''Adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities'' (IPCC, 2001 , p. 982, cf. IPCC, 2007 . The concept of adaptive capacity, influenced by social-ecological systems research (Holling, 1986) , has been defined by the Millennium Ecosystem Assessment (2006, Glossary, 599) and IPCC (2001, p. 6; IPCC, 2007) as: ''The ability of a system to adjust to climate change (including climate variability and extremes) to moderate potential damages, to take advantage of opportunities, or to cope with the consequences''. Our literature review did not reveal a definition of institutions that fosters adaptive capacity, although we found many relevant definitions of adaptive capacity in general from the adaptation literature (e.g. Yohe and Tol, 2002; Mendelsohn and Nordhaus, 1999; Marlin et al., 2007; Smit et al., 2000; Smit and Pilifosova, 2001) as well as from the organizational change literature (e.g. Lengnick-Hall and Beck, 2005; Weick and Sutcliffe, 2001) , and from cybernetics and complexity theories (e.g. Duit and Galaz, 2008) . The next question is: what does adaptive capacity mean, when it is applied to institutions? In identifying criteria for assessing institutional adaptive capacity, the literature on governance (Tompkins and Adger, 2005; Folke et al., 2005; Pierre, 2000; Nooteboom, 2006a,b; Marks et al., 1996; Klijn and Koppenjan, 2006) , international relations (e.g. Young, 1991; Malnes, 1995; Underdal, 1994) , organizations (e.g. Argyris, 1990; Weick and Sutcliffe, 2001 ) and earth system governance (e.g. Biermann, 2007) provides some hints.
Building on the existing definitions and literature, we define adaptive capacity as the inherent characteristics of institutions that empower social actors to respond to short and long-term impacts either through planned measures or through allowing and encouraging creative responses from society both ex ante and ex post. It encompasses:
The characteristics of institutions (formal and informal; rules, norms and beliefs) that enable society (individuals, organizations and networks) to cope with climate change. The degree to which such institutions allow and encourage actors to change these institutions to cope with climate change.
This implies that institutions should allow actors to learn from new insights and experiences in order to flexibly and creatively 'manage' the expected and the unexpected, while maintaining a degree of identity.
Six dimensions of adaptive capacity to assess institutions
The literature confirms that adaptive capacity is a useful concept to assess institutions, but does not provide a systematic framework to assess the adaptive capacity created by institutions. Our assessment of the literature indicates that (a) a number of the proposed dimensions and criteria could be clustered together as common ideas (e.g. the need for resources); (b) that there is inconsistent understanding of the concept of institutions (see Section 2.3); (c) that different approaches emphasize different dimensions and criteria (e.g. organizational and international relations literature emphasize leadership, governance literature focuses on good governance); and (d) that most authors emphasize steps to be taken, rather than criteria to be met.
Based on our research, we decided to develop an assessment framework for analyzing the adaptive capacity fostered by institutions. In order to do so, we adopted a seven step methodology. First, we reviewed the existing literature in different disciplines (organization studies, management studies, political science, law) to identify the most important criteria for assessing institutions. Second, we used a computer based collaborative brainstorming session to sort out the different criteria. Similar criteria were evaluated as to whether they added anything new to the discussion or were merely different words for the same criterion. It was important that each criterion should be distinct and not overlapping. Third, in the same computer based collaborative session, we clustered the selected criteria under six different dimensions. Fourth, we defined each criterion (see Table 1 ). Fifth, we tested the application of the criteria in case studies through interviews and observations. Sixth, we applied the criteria through analyses of policy documents to see if the criteria were able to capture all relevant aspects of institutional adaptive capacity. Seventh, we tested the criteria through presentations to Dutch policymakers, three scientific presentations and an one hour long presentation and discussion during a side-event at the Conference of the Parties to the United Nations Framework Convention on Climate Change in Copenhagen in December 2009 to see if some specific elements of adaptive capacity were not captured by the total set of criteria adopted. The dimensions and the criteria have accordingly been modified.
The fundamental story line is that institutions that promote adaptive capacity are those institutions that (1) encourage the involvement of a variety of perspectives, actors and solutions; (2) enable social actors to continuously learn and improve their institutions; (3) allow and motivate social actors to adjust their behaviour; (4) can mobilize leadership qualities; (5) can mobilize resources for implementing adaptation measures; and (6) support principles of fair governance. These six dimensions of adaptive capacity have twenty-two criteria. Table 1 presents the dimensions and criteria, defines the criteria, and relates them to the literature. The following paragraphs explain each dimension and criterion in more detail.
Variety
Unstructured problems like climate change embed diverse interests and perspectives. They can only be dealt with within Nooteboom (2006a,b) , Buckley (1968) , Conant and Ashby (1970) , Pollit and Bouckaert (2000) and Power (1999) . Multi-actor, multi-level, multi-sector Involvement of different actors, levels and sectors in the governance process Pahl-Wostl (2009), Duit and Galaz (2008) , Armitage (2008) and Folke et al. (2005) .
Diversity of solutions
Availability of a wide range of different policy options to tackle a problem Ostrom (2005) and Verweij and Thompson (2006) . Redundancy (duplication)
Presence of overlapping measures and back-up systems; not cost-effective Weick and Sutcliffe (2001) .
Learning capacity Trust
Presence of institutional patterns that promote mutual respect and trust Pelling and High (2005) .
Single loop learning Ability of institutional patterns to learn from past experiences and improve their routines Olsson et al. (2004) , Folke et al. (2005) , Carpenter et al. (2001), Marshall and Marshall (2007) and Pelling et al. (2008) . Double loop learning Evidence of changes in assumptions underlying institutional patterns Argyris (1990) and Ormond (1999) .
Discuss doubts Institutional openness towards uncertainties
Pahl-Wostl (2009) Malnes (1995) , Andersson and Mol (2002) , Underdal (1994) and Kingdon (1984) . Collaborative Room for leaders who encourage collaboration between different actors; adaptive co-management Human resources Availability of expertise, knowledge and human labour Nelson et al. (2010) .
Financial resources Availability of financial resources to support policy measures and financial incentives Nelson et al. (2010) , Mendelsohn and Nordhaus (1999) , Yohe et al. (1996) , Smit et al. (2000) and Yohe and Tol (2002 e n v i r o n m e n t a l s c i e n c e & p o l i c y 1 3 ( 2 0 1 0 ) 4 5 9 -4 7 1 a framework of multiple discourses and solutions, where various actors intervene at different levels of governance. Hence, the assumption is that they can only be addressed through variety. Variety implies that there is no single appropriate ideological framework, no unique optimal policy strategy or set of mutually consistent solutions, but that there are many. It encourages social ingenuity to continuously generate tailor-made solutions. Variety as a criterion can be traced back to the 1960s (Buckley, 1968, p. 495) . The 'law' of requisite variety argues that the variety within a system must be at least as great as the environmental variety against which it is attempting to adjust itself (Conant and Ashby, 1970) . Variety challenges mainstream policy approaches that focus on clarity, rationality, reductionism, 'performance oriented management' (Pollit and Bouckaert, 2000) , the 'audit society' (Power, 1999) , efficiency and simplistic solutions (Weick and Sutcliffe, 2001) , and opposes free riding. However, variety can also paralyze action, imply suffocating consensus, and negotiated nonsense (Termeer, 2007) .
Variety requires an institution to envisage future expected and unexpected climate impacts through having a range of proactive strategies, measures and instruments at its disposition ''limiting lock-in into a development that precludes future adaptations'' (Nooteboom, 2006a,b, p. 2-3) . Variety calls for fostering diversity, understanding complication, creating redundancy and resisting the tendency towards simplification and reductionism. Redundancy implies 'more of the same', for example, a back-up system for energy production. We argue that institutions embed variety when they (a) allow for a variety of problem frames and solutions; (b) allow for a variety of actors (multi-actor), levels (multi-level) and stakeholders (multisector) during the solution formulation process; (c) promote diversity to reach tailor-made policies; and (d) allow redundancy in the short-term to promote the best long-term solutions.
Learning capacity
The concepts of human learning (Ormond, 1999) , social learning (Wenger, 1998) , learning capacity and the ability to experiment (Walker et al., 2002) while maintaining all intrinsic critical functions and feedback mechanisms (Olsson et al., 2004) and accommodating perturbations (Adger, 2003) are integral to adaptive capacity (Pahl-Wostl et al., 2007) . Learning allows for changed understanding based on experiences (Gunderson and Holling, 2002) . It also enhances trust between social actors. Adaptive institutions encourage actors to learn; they permit society to question socially embedded ideologies, frames, assumptions, claims, roles, rules and procedures that dominate problem solving. This includes single loop learning (improved routines) and double loop learning (when social actors challenge norms and basic assumptions). Mechanisms that inhibit genuine learning in organizations include defensive routines that prevent participants from experiencing embarrassment and overprotect current frames (Argyris, 1990) . Redesigning institutions often calls for 'unlearning' past insights, routines, fears and reflexes.
Criteria to assess whether an institution demonstrates learning capacity include allowing and encouraging actors to (a) trust each other; (b) adopt single loop learning; (c) adopt double loop learning; (c) explicitly consider doubts and uncertainties; and (d) stimulate institutional memory.
Room for autonomous change
A third quality of adaptive capacity is the ability of an institution to permit social actors to autonomously adjust their behaviour in response to environmental change. This calls for institutions to enable social actors to anticipate possible futures and to take planned preventive measures against important threats, by providing them with the necessary means and information (Polsky et al., 2007) . Institutions should also foster the autonomous capacity of individuals and organizations to improvise (Folke et al., 2005; Pelling and High, 2005) . This requires institutions to allow social actors to seize opportunities when they present themselves. This is important particularly at lower levels of governance, and especially during a crisis or disaster, since studies reveal that immediate relief efforts are undertaken by 'victims' and not by the government or aid organizations (Tierney et al., 2006) . Adaptive institutions enhance this selfhelp function by encouraging experimentation with and responding to everyday contingencies, breakdowns, and opportunities (Orlikowski, 1996) , and continuously improvising in short feedback loops to promote a continual update of social practices. Yet, in a complex multi-actor, multi-level, multi-sector and multi-domain setting, short feedback loops between all interdependent units may make cooperation difficult.
Criteria to assess the room for autonomous change include understanding whether institutions ensure that actors (a) have continuous access to information, (b) are capable of acting according to plan and (c) have the capability to improvise.
Leadership
A fourth criterion is leadership, without which society is often unable to respond to the long-term, large-scale challenges that affect humanity. Leadership is a driver for change, showing a direction and motivating others to follow. The management literature differentiates between autonomous (Wallis and Dollery, 1997), entrepreneurial (Andersson and Mol, 2002), reformist (Goldfinch and Hart, 2003) and institutional leadership (DiMaggio, 1988) , and policy entrepreneurs (Kingdon, 1984) . The institutions literature refers to structural, entrepreneurial and intellectual leadership (Young, 1991) , coercive, instrumental and unilateral leadership (Underdal, 1994) , sticks and carrots, problem solving and directional leadership (Malnes, 1995) and structural, instrumental and directional leadership (Grubb and Gupta, 2000) . Leadership may sometimes conflict with variety; but good leaders are able to provide space for variety.
Our focus is on how institutions encourage leaders to emerge and reshape the very institutions themselves. Criteria to evaluate leadership include whether institutions encourage the rise of (a) visionary (which includes elements of reformist, intellectual, and sticks and carrots leadership), (b) entrepreneurial (which includes elements of leadership by example, unilateral and directional leadership and includes designing tools to engage the market), and (c) collaborative leadership (which is also referred to as instrumental leadership in the literature). We have omitted structural and coercive leadership on the basis of the argument that in democratic countries leadership needs to be legitimate and inspirational, rather than coercive.
Resources
The effectiveness of institutions often depends on their ability to generate resources (Yohe et al., 1996; Mendelsohn and Nordhaus, 1999; Nelson et al., 2010) . Institutions should be able to generate sufficient resources/incentives for actors to change norms and rules, implement those changed norms and rules and live up to them (Biermann, 2007) . Such resources can include financial, political, human, legal, and technological resources. Criteria include whether institutions encourage (a) authority (legal and political mandate), (b) human (knowledge, skills and labour), and (c) financial (including access to technological) resources. Clearly, the context within which institutions exist will also have a major influence on whether such institutions are able to raise resources.
Fair governance
Lastly, the assumption is that institutions support adaptive capacity when they meet fair governance criteria. Since we emphasise redundancy over cost-effectiveness, we have chosen fair governance in preference to the dominant phrase of good governance (e.g. Botchway, 2001 ). Of course, fairness also implies that resources should not be squandered indiscriminately. An appropriate balance needs to be found between effectiveness and efficiency, as innovation processes are notoriously inefficient (Mintzberg, 1989) and should be allowed to be inefficient in order to take place at all. Maximum efficiency is only possible in a stable and certain environment and, therefore, it cannot be a first priority when dealing with climate change. Fair governance furthermore includes legitimate policy-making that is accepted by members of society, equitable policy processes and outcomes that take account of unequal circumstances in society (Haddad, 2005) , responsive processes that show a high degree of transparency and are able to respond to different voices in society (Biermann, 2007) , and clear accountability procedures that assign responsibilities to different parties (Botchway, 2001) . Therefore, the criteria for fair governance include: (a) legitimacy, (b) equity, (c) responsiveness and (d) accountability.
The Adaptive Capacity Wheel
In order to structure the information and to be able to communicate it more clearly, an Adaptive Capacity Wheel was designed in 2007 (see Fig. 1 ). The inner circle shows adaptive capacity as a whole, the middle circle shows the dimensions and the outer-circle shows the criteria. Below the wheel, we present a table showing a colour and scoring system that could be applied to this wheel. By applying colours to distinguish between high (green: quantitative value +2) to low (red: quantitative value À2) adaptive capacity, this wheel may be used to both assess and inform social actors about how their institutions influence different aspects of adaptive capacity and where there may be room for discussion and reform. This wheel is to some extent similar to the Vulnerability Scoping 
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Assessing the criteria
The identification of the dimensions and their underlying criteria appear to be relatively comprehensive. Hence, this conceptual framework consisting of the six dimensions and twenty-two criteria should be seen as an analytical structuring tool to assist researchers as well as policy makers in their efforts to understand, assess and increase the ability of institutions to foster the adaptive capacity of society. However, there are some key points to keep in mind. First, even if an institution appears to create adaptive capacity, this does not automatically mean that society will use this capacity and be able to successfully adapt; it merely indicates that the institution provides a higher likelihood of allowing for adaptation. Second, the dimensions and criteria are not independent of each other. They can reinforce each other; for example, adequate resources and fair governance can reinforce all the others. There can be tensions between the criteria as well; for example, between diversity of solutions and act according to plan, or between strong leadership and high variety. Third, some criteria may make others less relevant. For example, if there is sufficient entrepreneurial leadership, this may displace the need for visionary leadership. Finally, the dimensions and criteria are not independent of context. This means that the specific application of the wheel to a specific problem may determine whether some of these dimensions are less or more important. This will imply giving different weights to the different criteria and/or dimensions in a specific context. For example, in some cases diversity of solutions might be considered a more important characteristic of institutions to increase the adaptive capacity of society than the ability to act according to a plan; however, in other situations the ability to act according to plan might be more crucial.
This implies that the wheel cannot be 'objectively' applied; the criteria are not additive in the sense that values given to each criterion can be simply added; it will always be subject to expert judgement and good interpretation. The evaluator will have to interpret the information collected in relation to the dimensions and criteria and draw lessons from the assessment to increase the capacity to adapt in a specific context. For such a qualitative tool to have scientific relevance, it is imperative that it is transparent and that its application by different researchers to the same institution(s) should lead to consistent results. Hence, it is important that there is a structured methodology for applying this wheel.
3.
A protocol for applying the Adaptive Capacity Wheel 3.1.
An outline
Where expert judgement is needed, a good research protocol needs to be made. This section highlights the five steps in such a protocol: preparing for the research; collecting the data; analyzing the data; interpreting the data; and presenting the data.
Preparing for the research
In the first step, the researcher needs to clearly understand and internalize the meaning of each dimension and criterion. Then he/she needs to identify a clear research focus: which institution or institutional context is to be the focus of attention for which period and why?
Collecting the data
In the second step, data are collected for each criterion. Data can be collected in different ways, e.g. through interviews, observations and/or (policy) document analysis, depending on the institutional context that is being researched. For example, data on informal rules like norms and values and implementation challenges could be collected through interviews and data on formal rules like governmental policies could be collected through document analysis. Developing a list of questions can help secure information regarding the criteria. In the case of interviews, we argue that there are essentially six groups of questions -one on each dimension -following a warm-up question and a concluding question. 1 The questions should be open, with possible follow-up questions to elucidate the specific nature of the answer especially in relation to the definitions of criteria provided in Table 1 . The questions should, as far as possible, not use technical language: i.e. they should not say: is directional leadership a strong point of the local institution; but rather: how would you characterise the nature of the leadership shown or stimulated by the existing rule? The warm-up and concluding questions should try and ascertain if some important element has been missed out in the discussions and if there are reinforcing or contradictory ideas and forces within the institutional system in a specific context. For observations a similar technique could be used, with the difference that the researcher should see if the dimensions cover every relevant aspect. In the case of a document analysis, a more comprehensive list of questions (for example, one on each criterion) could be useful, however, those should be well defined and delineated to keep a clear focus while studying the texts. The stakeholder answers, the observations and/or the document analysis must be registered in a formal background document without any additional interpretation.
Analyzing the data
The third step consists of analyzing the data collected to score each criterion of adaptive capacity (see table under Fig. 1 ). It is necessary to have different researchers independently score 1 An MSc student has applied the Adaptive Capacity Wheel to South Korea using a detailed closed questionnaire with 22 questions on each sub-criteria. He was able to encourage his respondents to give him answers for each criteria, and this demonstrates that the alternative approach can also work; however, he was only able to generate quantitative results -as there was no room to secure qualitative results in a questionnaire of 22 questions.
the background data and then discuss the difference of opinion, if any, on a specific criterion. This helps to ensure transparency as well as robust results. All researchers should keep a record of the arguments why a particular criterion has been scored in a particular way. There are some optional further steps: if needed, it is possible to generate aggregated scores for adaptive capacity as a whole, by adding the scores of each criterion and then dividing by the number of criterion per dimension, and then adding the scores for each dimension and then dividing by 6 (the number of dimensions). These steps are only useful if the researcher wishes to compare a large number of different institutions (see, for example, Table 2 ); but such an aggregation method needs to be used with caution since not all criteria are additive.
3.5.
Interpreting the data
The fourth step is to translate the information collected into a story -a story that communicates the strengths and weaknesses of a specific institution or institutional context in terms of adaptive capacity. In this step, the scores are interpreted to give them meaning in their context. For example, what does a 'À1' score on learning capacity mean for the institution that is being researched; and what can be done to improve this dimension of adaptive capacity? Data interpretation also includes explaining (inter)dependencies between criteria and/or dimensions; and tensions between criteria and/or dimensions; which criterion appears to be in conflict with another criterion in a specific situation and why? Finally the researcher needs to draw conclusions on what the interpretations imply about the ability of a specific institution to promote the adaptive capacity of society; and what can be done to improve the adaptive capacity of the institution.
Presenting and communicating the data
The fifth step in the process is to present and communicate the data. The most useful way to present the data is to use colours or shades to communicate how well a criterion or dimension scores. One can use either grey tones or a traffic light system. A grey tone is non-judgemental and provides a neutral evaluation of the criteria. However, it is less communicative. Using a traffic light system, as is done throughout this article, where green symbolises a high score and red a low score, is more communicative. Then a decision has to be taken on the range of colours to be used. Using a palette of three colours/shades is the easiest, but the situation may call for using more shades.
The coloured/shaded wheel should always be accompanied by an explanation -which provides the meaning to the analysis.
In other words, it should never be left to the reader's interpretation. It should be used to stimulate discussion with social actors as to the kinds of institutional bottlenecks and stimuli that they have to deal with.
Examples of the application of the Adaptive Capacity Wheel
The Adaptive Capacity Wheel can be applied in different ways. This section highlights how the Adaptive Capacity Wheel can be applied both qualitatively and semi-quantitatively. Both applications have specific implications for 'scoring' adaptive capacity.
4.1.
Case study with qualitative research
In order to demonstrate the usability of this wheel in qualitative research, this section briefly elaborates on a case study in which the Adaptive Capacity Wheel was used to assess the performance of institutions in the Dutch urbanized municipalities of Delft and Zaandam with respect to sharing responsibilities for rainfall and ground water management between residents and government actors. Several studies indicate that sharing responsibilities for local water management will become problematic under the influence of climate change (e.g. Huber, 2004; Naess et al., 2005; Koch et al., 2007) . Hence, our case study examined whether the institutions (formal rules, informal norms and customs, and actual practises) concerning the division of municipal and individual responsibility in local water management encourage adaptive capacity.
In this case study, we systematically implemented the research protocol. Data was collected through in-depth interviews with nineteen stakeholders involved in the municipalities' local water management. In the data analysis process, we used the scoring system, assigned scores to criteria based on the interviews (see Fig. 2 ) and clarified the underlying arguments. In the data interpretation process, we interpreted the scores on criteria in the context of both municipalities. For example, it appeared that in both regions, indistinct accountability procedures for causing and solving water problems imply that residents often do not act in accordance to the roles assigned to them in the law. This behaviour can be explained by the fact that municipalities are e n v i r o n m e n t a l s c i e n c e & p o l i c y 1 3 ( 2 0 1 0 ) 4 5 9 -4 7 1 urbanized and that residents often have no information on, or interest in, ground water flows. The complex structure of cities calls for a centralized management of responsibilities and accountability. However, such a top-down management approach of governmental bodies hampers variety, learning capacity and the room for autonomous change in some ways. This analysis shows that in cities, there might be a tension between regulating responsibilities between actors and adopting a multi-level, collaborative management approach. In the data presentation and communication process, we have used the traffic light colours to communicate the results to policymakers to discuss and test the results (see Fig. 2 ). For details on this case study see Bergsma et al. (2009) .
In qualitative research like the case studies, the Adaptive Capacity Wheel provides information about the performance of institutions in a specific context. The results of the Adaptive Capacity Wheel can be the starting point of a discussion on how institutions can enhance the adaptive capacity of society in a particular context. The colours in the wheel immediately identify areas in which the institutions do not encourage adaptive capacity, and the explanation of the researcher can help to better understand why institutions are not functioning well in those areas and what can be done to improve their impact on the adaptive capacity of society.
Content analysis with semi-quantitative research
The Adaptive Capacity Wheel can also be applied to assess policies and regulations. Where one is comparing many institutions, it may seem more relevant to undertake an additional step and aggregate the information into single quantitative scores. We have argued that the criteria are not additive and, hence, this step should be undertaken with caution. This implies that in addition to the steps taken in the previous case study, the optional fifth step under analyzing the data should be undertaken (under Section 3.3). One can aggregate the information on the different criteria into one value and again aggregate the data on the six dimensions into one score on a specific institutions' ability to promote the adaptive capacity of societies; however, with increasing aggregation, detail is lost. It is thus recommended to never use the aggregate tool without the separate Adaptive Capacity Wheels backing such an aggregation. We have applied this technique in an assessment of the formal Dutch institutions (governmental policies and regulations) ability to enhance the adaptive capacity of society. We focused on four sectors (nature, water, agriculture and spatial planning) and policies that specifically address climate change adaptation. In data collection, we collected data on each criterion by reading all the policy documents and conducting a content analysis. In the data analysis, we undertook the steps mentioned in Section 3 and, since a content analysis can often lie in the eye of the beholder, the content analysis was double checked in three rounds by three different researchers, individually and then jointly. We kept a record of why we scored a criterion in a particular way in order to make the arguments transparent. Quantitative scores were assigned to the different criteria, which were then tallied to get a single value for each institution. The third step consisted of interpreting the results by comparing the scores. The results, for example, demonstrate that the nature protection arrangements foster the least adaptive capacity, while those focusing on water score quite well in the Netherlands. Table 2 presents the results of the assessment, which are elaborated in a separate paper (Klostermann et al., 2009) .
Both the assessment of formal and informal institutions in two Dutch municipalities and the assessment of formal Dutch national institutions are qualitative in the sense that researchers interpret data (interviews and policy documents) to 'score' criteria. The difference is that the results in the case study are presented in a qualitative way, and allow for extended explanation by the researcher, while the results of e n v i r o n m e n t a l s c i e n c e & p o l i c y 1 3 ( 2 0 1 0 ) 4 5 9 -4 7 1 the policy analysis are presented quantitatively (by numbers) to facilitate comparison.
Conclusion
This paper elaborates on a method to assess the inherent characteristics of institutions to promote the capacity of society to adapt to climate change. Institutions are not defined as actors (organizations); they are the social rules that both constrain and empower social actors. Institutions are both the result of human interaction and they in turn shape human action. Based on the literature, field experiences and brainstorming, this paper has generated six dimensions, each with its own criteria, to assess if institutions are designed to stimulate the adaptive capacity of society. This information is presented in the Adaptive Capacity Wheel.
There are clear advantages to using the Adaptive Capacity Wheel. First, its elements provide a comprehensive idea of the dimensions relevant for assessing the adaptive capacity of society through its institutions. In all our applications, we have asked our participants if we have overlooked a key dimension, which is also perhaps missing in the literature. In general, we may have erred more in being too comprehensive than under-comprehensive. However, the Wheel allows for expansion and inclusion of new ideas in the future, if that is needed.
Second, colours have been used to represent the results of the assessment. We have two variations: a variation in shades of grey (not applied in this article), which is entirely neutral in terms of its message; and a variation that builds on the traffic light colours which is more judgmental, but is also more communicative.
Third, the Adaptive Capacity Wheel can be used to generate quantitative results. Quantitative results can be used to rank, for example, which institutions score better and which worse on an adaptive capacity scale. The aggregated picture can draw attention to a set of institutions that is working in a specific field. For example, our document analysis shows that in the nature sector, there is probably a common underlying paradigm that is responsible for the relatively low score assigned to these institutions' ability to stimulate the adaptive capacity of society. The application of the Adaptive Capacity Wheel allows us to see if some institutions promote adaptive capacity (e.g. several water arrangements) or not (e.g. the nature arrangements in the Netherlands). This shows which institutions are the most inhibitive and are likely to need redesign. Although such a quantitative analysis may reduce complex information into a simple format and be useful for a ranking process, it may also reduce the information to something relatively meaningless and too aggregated. If the institutions in the nature sector are really inhibiting adaptation, this will become clearer when the results of the analysis with the Adaptive Capacity Wheel are discussed in detail with the relevant stakeholders.
The Adaptive Capacity Wheel also has some interesting paradoxes: for example, we hinted before at the paradox between variety and leadership: strong leadership may automatically lead to less variety and weak leadership may have the advantage that a lot of variety is developed in society. Such paradoxes in the Wheel reflect paradoxes in social reality itself. Understanding adaptive capacity may call for expert judgements regarding how to deal with the overlaps and contradictions between criteria.
Other key questions include: How objective is the evaluation? Are equal shares for each dimension and criterion in the Wheel reflective of equal weights? In response to the first question, a comprehensive coding system allows for enhanced transparency of the evaluation; even though there will always be a subjective element in it. In response to the second question, we have assigned equal weights to the dimensions and criteria in our applications. However, in a specific context, one dimension or criterion might be more important than another, and explaining these kinds of contextual varieties is an important step in applying the wheel. This does not stop future applications of the wheel from experimenting with assigning weights in specific contexts, and comparing how adaptive capacity improves or changes over time.
In presentations to policymakers and scientists, the Adaptive Capacity Wheel has been viewed as a useful qualitative tool for assessing institutions, for comparing and contrasting them and in promoting self-reflection among policymakers and other social actors. Comparing the results of policy sectors in an aggregated way may stimulate crosssectoral learning on how institutions in each sector are built. The Adaptive Capacity Wheel furthermore need not be limited to assessing the adaptive capacity to responding to the problem of climate change, but could be expanded for use with respect to assessing the capacity to deal with other longterm unstructured problems.
